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Abstract
Hypergravity is the theory in which the graviton, of spin-2, has a super-
symmetric partner of spin-5/2. There are “no-go” theorems that prevent
interactions in these higher spin theories. However, it appears that one can
circumvent them by bringing in an infinite tower of higher spin fields. With
this possibility in mind, we study herein the electric-magnetic duality invari-
ance of hypergravity. The analysis is carried out in detail for the free theory
of the spin-(2, 5/2) multiplet, and it is indicated how it may be extended to
the infinite tower of higher spins. Interactions are not considered. The pro-
cedure is the same that was employed recently for the spin-(3/2, 2) multiplet
of supergravity. One introduces new potentials (“prepotentials”) by solving
the constraints of the Hamiltonian formulation. In terms of the prepoten-
tials, the action is written in a form in which its electric-magnetic duality
invariance is manifest. The prepotential action is local, but the spacetime
invariance is not manifest. Just as for the spin-2 and spin-(3/2, 2) cases, the
gauge symmetries of the prepotential action take a form similar to those of
the free conformal theory of the same multiplet. The automatic emergence of
gauge conformal invariance out of demand of manifest duality invariance, is
yet another evidence of the subtle interplay between duality invariance and
spacetime symmetry. We also compare and contrast the formulation with
that of the analogous spin-(1, 3/2) multiplet.
1 Introduction
There are two possible supersymmetric partners to the graviton: a massless
spin-3/2 particle or a massless spin-5/2 particle. The first possibility leads
to supergravity and has undergone spectacular developments. The second
possibility has been called “hypergravity” [1]. It was explored in the early
days of supergravity as a potentially interesting alternative [1–3].
However, with the no-go theorems of [1,4] preventing consistent couplings
between the massless spin-two and spin-five-half fields, the study of this other
supersymmetric extension of the Pauli-Fierz theory was abandoned, except
in three spacetime dimensions where a consistent interacting theory exists [5].
But the work of the Lebedev school [6–10] has changed the picture since it
has been proved to be possible to overcome the spin-two barrier identified by
the no-go theorems by considering an infinite number of fields (for recent re-
views, see [11,12]). It is therefore of interest to re-consider hypergravity. This
is the purpose of the present paper, which deals with the electric-magnetic
duality properties of the combined spin-two/spin-five-half system.
It was shown long ago [13] that one can reformulate Maxwell theory in
a way that makes the duality invariance of the action (and not just of the
equations of motion) manifest. This is achieved by solving the constraint
(Gauss’ law) of the Hamiltonian formulation through the introduction of
a vector potential for the electric field. Duality is then a rotation in the
internal plane of the ordinary vector potential for the magnetic field and
the new potential for the electric field. This approach to electric-magnetic
duality has been successfully extended to various systems [14–19], including
linearized gravity in four [20, 21] and higher [22] dimensions.
We provide in this work the supersymmetric extension of the manifestly
electric-magnetic duality invariant spin-two action of [20] obtained by super-
symmetrizing along the “hypergravity route”. Since we only consider the
spin-(2,5/2)-system, we are forced to limit ourselves to the free theory. Com-
ments on interactions, which need even higher spin fields, are made in the
conclusions.
In order to solve the constraints of the Hamiltonian formalism, we intro-
duce a prepotential for the spin-5/2 field that is the supersymmetric partner
of the prepotentials for the spin-2 field. This is in close analogy to what
was done for standard supergravity in [23], but the constraints are now more
intricate. The spin-5/2 prepotential is a symmetric tensor-spinor, and the
original spin-5/2 field depends on its second derivatives, while the spin-3/2
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field depended only on the first derivatives of its prepotential. We also find
again, just as in [23], that in order for electric-magnetic duality to commute
with supersymmetry it is necessary to define the former as acting chirally
on the spinors. (The interplay between chirality and duality invariance was
already stressed in [24].)
Our work is organized as follows. In the next section, we recall the co-
variant formulation of hypergravity. We then turn in Section 3 to the Hamil-
tonian formulation of the theory as this is necessary to manifestly exhibit
duality. Section 4 provides the solution of the constraints of the Hamilto-
nian formulation in terms of the prepotentials. In Section 5, we write the
supersymmetry transformations for the prepotentials. In Section 6, we give
the expression of the action in terms of the prepotentials. Finally, Section 7
is devoted to conclusions and prospects. The more technical derivations are
relegated to Appendix A. Appendix B pursues the similar duality analysis
for the spin-(1, 3/2) system.
2 Free theory in covariant form
2.1 Action
The action describing the combined system of a free spin-2 massless field
hµν = hνµ with a free spin-5/2 massless field ψµν = ψνµ is the sum of the
Pauli-Fierz action and the spin 5/2 action [25–28],
S[hµν , ψµν ] =
∫
dDx
(
L2 + L 5
2
)
(2.1)
where
L2 = −
1
4
(∂ρhµν∂ρhµν − 2∂µh
µν∂ρh
ρ
ν + 2∂
µh∂νhµν − ∂
µh∂µh) , (2.2)
and
L 5
2
= i
(
−
1
2
ψ¯µν /∂ψµν + 2 ψ¯
µργρ∂
νψµν − ψ¯
µργρ/∂/ψµ − ψ¯
µργρ∂µψ +
1
4
ψ¯ /∂ψ
)
.
(2.3)
Our convention are as follows. We work in Minkoswski spacetime with
signature − + + +. Greek indices take values from 0 to 3 while Latin
indices run from 1 to 3. The covariant trace is h ≡ hµµ. The spin 5/2 field
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is a symmetric Majorana spinor-tensor ψµν . We note ψ ≡ ψ
µ
µ, /A ≡ γ
µAµ,
/ψµ ≡ γ
νψµν .
The Dirac matrices are in a Majorana representation (matrices γµ real,
γT0 = −γ0 and γ
T
k = γk where T denotes the transposition; and so γ
µ† =
γµT = γ0γµγ0). In addition, γ5 ≡ γ0γ1γ2γ3 = −1/4! ǫ
µνρσγµγνγργσ (where
ǫ0123 = −1 = ǫ0123), which implies γ
†
5 = −γ5, γ
T
5 = −γ5 et (γ5)
2 = −I.
Finally, γµν ≡ 1
2
[γµ, γν ] = γ[µγν] (and δµνραβγ ≡ 6 δ
[µ
α δνβδ
ρ]
γ ), etc.
2.2 Gauge symmetries
The action (2.1) is invariant under linearized diffeomorphisms
δgaugehµν = ∂µξν + ∂νξµ. (2.4)
and gauge transformations of the spin-5/2 field,
δgaugeψµν = ∂µζν + ∂νζµ, (2.5)
where the “spin-3/2” gauge parameter ζµ is γ-traceless,
/ζ = 0. (2.6)
Because of the tracelessness condition, one can express ζ0 in terms of ζk,
ζ0 = −γ0γ
kζk. (2.7)
There are three independent fermionic gauge symmetries.
2.3 Supersymmetry
The action is also invariant under rigid supersymmetry, which reads,
δSUSYhµν = 8i ǫ¯ψµν , (2.8)
δSUSYψµν = (∂µhνρ + ∂νhµρ) γ
ρǫ − 2 ∂ρhµνγ
ρǫ
+
(
ǫµλσρ∂
λh σν + ǫνλσρ∂
λh σµ
)
γργ5ǫ. (2.9)
The supersymmetry parameter ǫ is a constant spinor.
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2.4 Equations of motion
The equations of motion can be written as
Rµν = 0 (2.10)
γρΩµνρ = 0 (2.11)
where Rµν is the linearized Ricci tensor and Ωµνρ is given by [2]
Ωµνρ =
1
2
(∂µψνρ + ∂νψµρ − ∂ρψµν). (2.12)
The equations of motion and the action are invariant under electric-magnetic
duality rotations in the internal two-dimensional space spanned the Riemann
tensor and its dual. They are also invariant under chirality rotations of the
spinor fields,
δchiralhµν = 0, δchiralψµν = λγ5ψµν (2.13)
That the action is invariant under chirality rotations is manifest. To
display explicitly its electric-magnetic duality invariance, one must go to
the first-order formalism and introduce prepotentials for the spin-two field.
Supersymmetry forces one to then introduce prepotentials for the spin-five-
half partner, as we now discuss. We will also see that a definite chirality
rotation must accompany a duality transformation if duality is to commute
with supersymmetry.
3 Hamiltonian form
3.1 Spin-2 part
As it is well known, the Paul-Fierz action takes the canonical form
S2[hmn, π
mn, n, nm] =
∫
dtd3x
[
πmnh˙mn −H− nC − nmC
m
]
(3.1)
where H is the Hamiltonian density:
H = πmnπ
mn −
π2
2
+
1
4
∂rhmn∂
rhmn −
1
2
∂mh
mn∂rh
r
n +
+
1
2
∂mh∂nhmn −
1
4
∂mh∂
mh. (3.2)
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The components h0m ≡ nm and h00 ≡ 2n only appear linearly and multiplied
by terms with no time derivatives, and are thus Lagrange multipliers for the
constraints
Cm ≡ −2∂nπ
mn = 0 C ≡ −∆h + ∂m∂nh
mn = 0. (3.3)
The constraints generate the gauge symmetries (linearized diffeomor-
phisms) through the Poisson brackets. These are, in terms of the canonical
variables,
πmn → πmn − ∂m∂nξ0 + δmnξ0 (3.4)
hmn → hmn + ∂mξn + ∂nξm (3.5)
3.2 Spin-5/2 part
We turn now to the spin-5/2 action. Its Hamiltonian formulation has been
performed in [29,30] but our treatment differs from these earlier works in that
we do not fix the gauge at any stage and solve the (first-class) constraints
through the introduction of prepotentials on which the fields depend locally.
The action for the spin-five-half field, being already of first order, is al-
most in canonical form. Because there are gauge symmetries, some of the
components of ψµν are Lagrange multipliers for the corresponding first class
constraints, while the other components define the phase space of the sys-
tem. What differentiates the Lagrange multipliers from the standard phase
space variables is that the gauge variations of the former contain the time
derivatives ζ˙m of the gauge parameters ζm, while the gauge variations of the
latter do not involve ζ˙m.
To bring the action for the spin-five-half field to canonical form, we make
the redefinition
Ξ = ψ00 − 2 γ
0γkψ0k, (3.6)
ψ0k = ψ0k, (3.7)
ψmn = ψmn. (3.8)
One then has the following transformation rules,
δgaugeΞ = − 2 γ
kγl∂kζl (3.9)
δgaugeψ0k = ∂0ζk + γ
0γl∂kζl (3.10)
δgaugeψkl = ∂kζl + ∂lζk, (3.11)
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from which one immediately identifies the ψ0k components as the Lagrange
multipliers.
Indeed, the action takes the form,
S 5
2
[Ξ, ψmn, ψ0k] =
∫
d4x{ΘA(ψB)ψ˙A + ψ
T
0kFk (ψB)−H (ψB)}, (3.12)
with (ψA) ≡ (Ξ, ψmn) and were the Hamiltonian H, the constraint functions
Fk and the symplectic potential Θ
A are explicitly given by,
H = −
3i
4
Ξ¯γk∂kΞ +
i
2
ψ¯klγm∂mψkl − 2i ψ¯
klγk∂
mψlm − i ψ¯
klγk∂lΞ
+ i ψ¯klγk∂lψ +
i
2
Ξ¯γk∂kψ −
i
4
ψ¯γl∂lψ + i ψ¯klγ
lγmγn∂mψ
k
n, (3.13)
Fk = − i γ
0
[
∂kΞ − 2 ∂
lψkl + ∂kψ + γkγ
l∂lΞ + 2 γ
lγm∂lψkm − γkγ
l∂lψ
+ 2 γkγ
l∂mψlm
]
, (3.14)
ΘΞ =
i
4
ΞT −
i
2
ψT , (3.15)
Θkl =
i
2
ψTkl −
i
4
ψT δkl −
i
2
ψTkmγ
mγl −
i
2
ψTlmγ
mγk. (3.16)
Here and from now on, ψ denotes the spatial trace ψ = ψkk.
The action (3.12) is the searched-for action in canonical form because the
symplectic form σ = dΘ is non-degenerate and yields the following brackets
between the canonical variables,
{Ξ (~x) ,Ξ (~x′)}D = −
5i
4
δ (~x− ~x′) , (3.17)
{Ξ (~x) , ψkl (~x
′)}D =
i
4
δkl δ (~x− ~x
′) , (3.18)
{ψkl (~x) , ψmn (~x
′)}D =
[
−
i
4
(δkmδln + δknδlm) +
i
4
δklδmn
+
i
8
(δkmγln + δknγlm + δlmγkn + δlnγkm)
]
δ (~x− ~x′) , (3.19)
These brackets would appear as Dirac brackets had one introduced conjugate
momenta for the fermionic variables ψA and eliminated the corresponding sec-
ond class constraints that express these momenta in terms of the ψA through
the Dirac bracket procedure - hence the notation {, }D.
The variables ψ0k are the Lagrange multipliers for the first-class con-
straints Fk = 0, which are easily verified to generate the fermionic gauge
transformations (3.9) and (3.11) through the Dirac bracket.
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4 Solving the constraints - Prepotentials
4.1 Bosonic constraint
In order to exhibit gravitational duality, it is necessary to solve the spin-2
constraints (3.3) through the introduction of prepotentials [20]. The momen-
tum constraints Cm = 0 are solved as
πkl = ǫkprǫlqs∂p∂qPrs, (4.1)
while the Hamiltonian constraint C = 0 yields
hkl = ǫkmn∂
mΦnl + ǫlmn∂
mΦnk + ∂kul + ∂luk. (4.2)
Here, the prepotentials Pmn and Φmn are both symmetric. The prepotential
uk drops out by gauge invariance from the action and is usually set equal to
zero for that reason.
The gauge symmetries of the prepotentials take the remarkable form of
those of linearized conformal gravity,
δZaij = ∂iξ
a
j + ∂jξ
a
i + 2ǫ
aδij (4.3)
where (Zaij) ≡ (Pij ,Φij) (a = 1, 2). These transformations take into ac-
count the redundancy present in the definition of the prepotentials. In the
case of Pij, the transformation (4.3) also contains the original gauge sym-
metries (3.4) of πkl generated by the Hamiltonian constraint. In the case of
Φij , the transformation (4.3) induces spatial diffeomorphisms (3.5) that are
divergence-free (i.e., equal to the curl of a vector field, ξm = ǫmpq∂pζq). The
most general diffeomorphism is accounted for by arbitrary shifts uk → uk+ξk
of the prepotential uk.
Because of the gauge symmetries (4.3), each unconstrained prepotential
contains 6 (components) minus 3 (diffeomorphism gauge parameters) minus 1
(Weyl rescaling gauge parameter) = 2 independent, physical functions. This
gives 2 × 2 = 4 independent, physical functions, corresponding to the four
independent initial data needed to describe the two physical helicities of the
massless spin-2 field.
4.2 Fermionic constraint
The fermionic constraint (3.14) can be rewritten in the simpler form
∂kΞ + ∂kψ + 2γ
ij∂iψkj = 0 (4.4)
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Indeed, if one multiplies (4.4) with k replaced by l by the invertible operator
−iγ0
(
δlk + γkγ
l
)
, one gets Fk = 0.
The equation (4.4) itself can be rewritten as ∂i (δ
i
kΞ + δ
i
kψ + 2γ
ijψkj) = 0,
which by virtue of the Poincare´ lemma implies
δikΞ + δ
i
kψ + 2γ
ijψkj = ∂rA
[ir]
k (4.5)
for some tensor A
[ir]
k = −A
[ri]
k, which can be decomposed into irreducible
components as
A
[ir]
k = δ
i
ka
r − δrka
i + ǫirmmmk
with mmk = mkm. The equation (4.5) can be solved to yield ψij and Ξ in
terms of ak and mij as
2ψlk = −∂ka
l +
1
3
δlk∂qa
q + ǫ qsl ∂qmsk
+
1
2
γlγm
(
∂ka
m −
1
3
δmk ∂qa
q + ǫqms∂qmsk
)
(4.6)
Ξ = −
2
3
∂qa
q − ψ (4.7)
Now, the right-hand side of (4.6) is not symmetric in general, while ψlk is
symmetric. The system of equations (4.5) is overdetermined. A symmetric
solution of (4.5) exists if and only if A
[ir]
k – or equivalently, a
q andmij – fulfills
the constraints expressing that ψlk = ψkl. This condition is a differential
constraint which can be rewritten, by virtue of the Poincare´ lemma, as
akδ
q
l − alδ
q
k +
1
2
(γlγmδ
q
k − γkγmδ
q
l ) a
m −
1
3
γlka
q
+ǫ qsl msk − ǫ
qs
k msl +
1
2
γlγmǫ
qmsmsk −
1
2
γkγmǫ
qmsmsl = ∂pB
qp
lk (4.8)
for some tensor Bqplk antisymmetric in l, k and q, p, B
qp
lk = −B
qp
kl = −B
pq
lk .
Trading each antisymmetric pair for one single index using the Levi-Civita
tensor, this tensor Bqplk is equivalent to a tensor Bij , B
lkqp ∼ ǫlkiǫqpjBij ,
which can be decomposed into a symmetric part Σij and an antisymmetric
part ǫijkV
k.
The system (4.8) is a system of 9 linear spinorial equations for the 9 spino-
rial unknows aq and mij = mji. We leave it to the reader to verify that this
system can be solved uniquely for aq and mij in terms of the first derivatives
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of Σij and V
k, which are therefore unconstrained. Next, one substitutes the
resulting expressions in (4.6) and (4.7), allowing in addition for a general
gauge transformation term in which one absorbs all gauge transformation
terms involving Σij and V
k through redefinitions. Then one finally gets the
searched-for expressions
Ξ = △Σ+ ∂a∂bΣab − 2γ
kγl∂kvl (4.9)
ψij = δij△Σ− δij∂
a∂bΣab − 2△Σij
−
(
γia∂
a∂bΣjb + γja∂
a∂bΣib
)
+
(
γia△Σ
a
j + γja△Σ
a
i
)
+∂ivj + ∂jvi (4.10)
of the fields Ξ and ψij in terms of a spin 5/2 prepotential Σij = Σji and a
spin 3/2 prepotential vi (in which V
k has been completely absorbed).
As a consistency check, it is easy to verify that these expressions iden-
tically fulfill the spinorial constraint (4.4), as they should. Note that the
prepotential vi drops out from gauge-invariant expressions and plays for that
reason a less fundamental role. It is similar to the prepotential ui for the
graviton.
One can easily verify that the expressions are invariant under the gauge
symmetries of the prepotential Σij
δΣij = ∂iµj + ∂jµi + γiηj + γjηi (4.11)
where µi and ηi are arbitrary. Indeed, one finds δΞ = 0 and δψij = 0 provided
one transforms simultaneously the other prepotential vi as
δvi = 2△µi + γia∂
a∂bµb − γia△µ
a − γa∂aηi + γi∂
aηa. (4.12)
Note that the special choice ηi = γiφ yields the Weyl rescaling 2φδij of the
prepotential Σij , which is therefore contained among the gauge symmetries.
The gauge transformations (4.11) are redundant since one gets δΣij = 0 for
µi = γiǫ and ηi = −∂iǫ. There are thus 3×4 (components of the vector-spinor
µi) plus 3× 4 (components of the vector-spinor ηi) minus 1× 4 (reducibility
relations) = 5× 4 = 20 independant gauge parameters.
The gauge transformations of the prepotentials vi are mere shifts vi →
vi + ωi where ωi are arbitrary vector-spinors. These prepotentials contain
therefore no degree of freedon and can be set for instance equal to zero.
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The gauge transformations (4.11) are the only gauge symmetries of the
prepotential Σij , as can be seen by mere counting. There are 6 × 4 = 24
components of the tensor-spinor Σij . These are unconstrained, but the gauge
freedom removes as we have just seen 20 components, leaving 4 independent
arbitrary functions needed to describe the physical helicities of a massless
spin-5/2 field.
Another way to reach the same conclusion goes as follows. One may
rewrite (4.10) in terms of the Schouten tensor Sij[Σ] of Σij ,
Sij [Σ] =
1
2
(∂i∂
mΣmj + ∂j∂
mΣmi −△Σij − ∂i∂jΣ)
−
1
4
(∂m∂nΣmn −△Σ) δij ,
as
ψij = 4Sij − 2γ
a
i Saj − 2γ
a
j Sai + ∂iv¯j + ∂j v¯i (4.13)
with
v¯i = vi − 2∂
mΣmi + ∂iΣ + γ
a
i ∂
bΣab − γ
a
i ∂aΣ (4.14)
which transforms as
δv¯i = γ
k(∂iηk − ∂kηi) + 3γ
km
i ∂mηk (4.15)
under (4.11). Similarly, one finds
Ξ = 4S − 2γkγl∂kv¯l. (4.16)
The Schouten tensor Sij [Σ] is invariant under linearized diffeomorphisms and
“sees” only the γ-transformations. One finds explicitly
δSij[Σ] =
(
−∂i∂j +
1
2
△
)
γkηk(
1
2
(γi∂j + γj∂i)−
1
2
δijγ
m∂m
)
∂kηk
+
1
2
γk∂k (∂iηj + ∂jηi)−
1
2
(γi△ηj + γj△ηi) (4.17)
under (4.11).
Now, if ψij and Ξ are both equal to zero, one finds that the Schouten
tensor is given by
8Sij = −2∂
mv¯mδij + ∂m(γ
m
j v¯i + γ
m
i v¯j) + ∂i(γ
m
j v¯m + v¯j) + ∂j(γ
m
i v¯m + v¯i)
(4.18)
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with v¯i constrained by
γkγl∂kv¯l + ∂
kv¯k = 0; (4.19)
By virtue of the Poincare´ lemma, the general solution of (4.19) is given by
v¯k = −7γ
m∂kηm + 8γk∂
mηm − 9γ
m∂mηk + 5γ
st
k ∂sηt (4.20)
for some arbitrary ηk. But then, (4.18) has exactly the form (4.17) of a γ-
gauge transformation. This means that one can set the Schouten tensor Sij [Σ]
– and hence also the Riemann tensor of Σij since the number of dimensions
is three – equal to zero by a γ-gauge transformation. This implies that in
that γ-gauge, the tensor Σij itself is given by ∂iµj + ∂jµi, or, in general, by
(4.11) if one does not impose any γ-gauge condition. This shows that (4.11)
exhausts indeed the most general gauge freedom.
In parallel to what was found for the spin-2 prepotentials, the gauge
symmetries of the spin-5
2
prepotential take the same form as the gauge sym-
metries of the free conformal spin 5/2 field theory in 4 dimensions [31]. To
make the comparison it should be borne in mind that in [31], the redundancy
in the gauge parameters is fixed by imposing the condition γiµi = 0.
Of course, two physically different theories may have the same gauge sym-
metries. It is nevertheless quite remarkable that gauge conformal invariance
should emerge automatically when one requires electric-magnetic duality in-
variance to be manifest. This is yet another evidence for the subtle interplay
between duality invariance and spacetime symmetry.
5 Supersymmetry transformations in terms
of the prepotentials
A somewhat tedious but direct computation shows that the supersymmetry
transformations of the bosonic prepotentials are given by
δΦij = −8iǫ¯χij (5.1)
and
δPij = −8iǫ¯γ5χij. (5.2)
Here,
χij =
1
2
(ǫjmn∂
mΣ ni + ǫimn∂
mΣ nj − ǫlmnγ
l
j ∂
mΣ ni − ǫlmnγ
l
i ∂
mΣ nj )
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transforms under gauge transformations of Σij in the same way as the bosonic
prepotentials, i.e.,
δχij = ∂iαj + ∂iαj + δijβ,
for some αi and β. The details are given in Appendix A. Similarly, one finds,
δΣij = 2γ5γ0(Φij − γ5Pij)ǫ, (5.3)
where again the gauge transformations match.
Formulas (5.1), (5.2) and (5.3) are the analogs for the spin-(2, 5/2) mul-
tiplet of the formulas (B.12), (B.14) and (B.16) giving the supersymme-
try transformations of the prepotentials of the spin-(1, 3/2) multiplet. Even
though the relationship between the original fields and the prepotentials is
rather different for the two systems - they involve only first-order derivatives
for the lower spin multiplet, but also second-order derivatives for the higher
spin multiplet -, the final formulas giving the supersymmetry transformation
rules are remarkably similar and simple.
In both cases, the transformation of the fermionic prepotential involves
the combination Mij ≡ Φij − γ5Pij (or Mi ≡ A
2
i − γ5A
1
i ) of the two bosonic
prepotentials that transforms under duality as
δdualMij = − α γ5Mij
(or δdualMi = − α γ5Mi). At the same time, the transformation of the
first bosonic prepotential Φij (or A
1
i ) involves the function χij (or ψi) of the
fermionic prepotential that has identical gauge transformation properties as
Φij (or A
1
i ), while the transformation of the second prepotential involves −γ5
times it.
6 Action
The action for the combined spin-(2, 5/2) system can be written in terms of
the prepotentials. One finds by direct substitution,
S[Zaij,Σij] =
∫
dt
[∫
d3 x
(
−2ǫabDija Z˙bij +Θ
Aψ˙A
)
−H
]
, (6.1)
with
H =
∫
d3x
[(
4RaijR
bij −
3
2
RaRb
)
δab +H
]
. (6.2)
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Here, D ija ≡ D
ij [Za] (respectively R
ij
a ≡ R
ij [Za]) is the co-Cotton tensor
(respectively, the Ricci tensor) constructed out of the prepotential Zaij [21],
whereas ΘA(Ξ(Σ), ψ(Σ)) and H(Ξ(Σ), ψ(Σ)) are the functions of the sec-
ond and third order derivatives of the prepotential Σij obtained by merely
substituting (4.9) and (4.10) in (3.15), (3.16) and (3.13).
The action (6.1) is manifestly separately invariant under duality rotations
of the bosonic prepotentials Zaij
δdualZ
1
ij = αZ
2
ij, δdualZ
2
ij = −αZ
1
ij (6.3)
and chirality rotations of the prepotential Σij ,
δchiralΣij = λγ5Σij , (6.4)
which implies δchiralψij = λγ5ψij .
As such, neither the duality rotations (with untransforming fermions) nor
the chirality transformations (with untransforming bosons) commute with
supersymmetry. One can, however, extend the duality transformation to
the fermionic prepotential in such a way that duality and supersymmetry
commute. This is done by combining the duality rotations of the bosonic
superpotentials with a chirality transformation of the fermionic prepotential
of amplitude −α,
δdualΣjk = −α γ5Σjk. (6.5)
This commutativity property, however, would not hold for extended super-
symmetry where only one supersymmetry would commute with duality.
7 Comments and Conclusions
IIn this paper, we have made manifest the duality invariance for the combined
Einstein-spin5
2
system, which is the multiplet of hypergravity. As found in
earlier analyses, one cannot simultaneously have manifest duality invariance,
and manifest Lorentz invariance. As argued in [32], this might signal that
duality symmetry is more fundamental than spacetime covariance, in the
sense that one might derive the latter from the former.
We have also exhibited a great similarity between the spin-(2, 5/2) and
spin-(1, 3/2) systems.
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We have considered only the free theory. The introduction of interactions
requires an infinite tower of bosonic and fermionic fields of increasing spins,
for which the same prepotential analysis would be needed to make duality
manifest. It is tempting in this context to guess the pattern that would hold
for higher spins. On the basis of what we found, one expects bosonic higher
spin fields of spin s to be described by two totally symmetric prepotentials
Φi1···is and Pi1···is with gauge symmetries
δΦi1···is = ∂(i1ξi2···is) + δ(i1i2ǫi3···is) (7.1)
and
δPi1···is = ∂(i1ξ
′
i2···is)
+ δ(i1i2ǫ
′
i3···is)
(7.2)
while a fermionic higher spin field of spin s = 1
2
would be described by a
tensor spinor Σi1···is with gauge symmetries
δΣi1···is = ∂(i1µi2···is) + γ(i1ηi2···is). (7.3)
Both sets of gauge transformations are reducible since δΦi1···is = 0 for ξi2···is =
δ(i2i3ψi4···is) and ǫi3···is = −∂(i3ψi4···is), while δΣi1···is = 0 for µi2···is = γ(i2ζi3···is)
and ηi2···is = −∂(i2ζi3···is). The supersymmetry transformation would involve
naturally the combination Φi1···is − γ5Pi1···is of the bosonic prepotentials as
well as the function χi1···is of the prepotential Σi1···is that has identical gauge
symmetries as the bosonic prepotentials.
Although we leave the investigation of higher spins to future work, it
is interesting to verify already here that the above ansatz satisfies a simple
counting consistency requirement. Both bosonic prepotentials would involve
k2+3k+2
2
(number of components of each prepotential) minus k
2+k
2
(number of
components of ξi1···is−1) minus
k2−k
2
(number of components of ǫi1···is−2) plus
k2−3k+2
2
(number of reducibility relations given by the number of components
of ψi1···is−3) = 2 independent physical components, making a total of 4 as it
should if it is to describe the two independent physical helicities of the mass-
less spin-s field. Similarly, the fermionic prepotential Σi1···is would involve 4
times [k
2+3k+2
2
(number of components of the prepotential) minus 2 × k
2+k
2
(number of components of the gauge parameters µi1···is−1 and ηi1···is−1) plus
k2−k
2
(number of components of ζi1···is−2)], which is again equal to 4 as it
must. Note that one may remove the redundancy in the gauge parameters
by imposing the conditions δi1i2ξi1···is−1 = 0 on the bosonic gauge parameters
ξi1···is−1 and γ
i1µi1···is−1 = 0 on the fermionic gauge parameters µi1···is−1 .
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Again, the gauge symmetries of the prepotentials take exactly the same
form as the gauge symmetries of the corresponding free conformal field theory
in 4 dimensions [31].
The supersymmetry parameter is a standard spin-1/2 spinor ǫ. With the
inclusion of higher spin-fields, one expects supersymmetries of higher spins
to also emerge [33], including the hypersymmetry of [1], the infinitesimal
parameter of which is a vector-spinor ǫµ.
Finally, our method for exhibiting duality through the introduction of
prepotentials by solving the constraints should be contrasted with the ap-
proach in terms of the transverse degrees of freedom considered in [34]. It
would also be interesting to extend the analysis to include a cosmological
constant [35].
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Appendices
A Technical derivations
A.1 Bosonic prepotential Zmn
2
= φmn
The supersymmetry transformation rule of the graviton is
δhij = 8iǫ¯ψij = 8iǫ¯
[
δij∆Σ− δij∂
a∂bΣab − 2∆Σij
− γia∂
a∂bΣjb − γja∂
a∂bΣib + γja∆Σ
a
i + γia∆Σ
a
j
+ ∂iǫj + ∂jǫi] (A.1)
On the other hand
δhij = ∂
rǫirsδφ
s
j + ∂
rǫjrsδφ
s
i + ∂iδvj + ∂jδvi (A.2)
In order to compare these two expressions and find out the form of the
supersymmetry transformation of the graviton prepotential, δφij, it is useful
to recast (A.1) in the form
δhij = −8iǫ¯
[
∂rǫirsχ
s
j + ∂
rǫjrsχ
s
i + ∂iηj + ∂jηi
]
(A.3)
This can be accomplished by setting
χjs =
1
2
[
ǫjmn∂
mΣns + ǫsmn∂
mΣnj − ǫlmnγ
l
j ∂
mΣ ns − ǫlmnγ
l
s ∂
mΣ nj
]
(A.4)
and
ǫj = ηj −
1
2
∂jΣ +
3
2
∂rΣjr +
1
2
∂lγjlΣ+
1
2
γal∂lΣja −
1
2
∂rγjaΣ
ra (A.5)
Thus one concludes that, up to a gauge transformation,
δΦij = −8iǫ¯χij (A.6)
= −8iǫ¯
1
2
(ǫjmn∂
mΣ ni + ǫimn∂
mΣ nj − ǫlmnγ
l
j ∂
mΣ ni − ǫlmnγ
l
i ∂
mΣ nj ) (A.7)
and
δvi = −8iǫ¯ηi (A.8)
= −8iǫ¯(ǫi +
1
2
∂iΣ−
3
2
∂nΣin −
1
2
∂rγirΣ +
1
2
γis∂rΣ
sr −
1
2
∂rγsrΣ
s
i ) (A.9)
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Note that the field χij defined by (A.4) transforms as
δχij = ∂iαj + ∂jαi + δijβ (A.10)
with
αi =
1
2
(
ǫimn − ǫlmnγ
l
i
)
∂mµn + γ˜5ηi (A.11)
and
β = ǫlmnγ
l∂mηn (A.12)
under the gauge transformations (4.11) of the prepotential Σij .
A.2 Bosonic prepotential Zmn
1
= Pmn
Using δhij = 8iǫ¯ψij and the equation of motion of the hypergraviton
γρ∂
ρψµν − ∂µγ
ρψρν − ∂νγ
ρψρµ = 0 (A.13)
one may write the supersymmetry transformation of the extrinsic curvature
Kij = −
1
2
(∂0hij − ∂ih0j − ∂jh0i) as
δKij = −2iǫ¯ǫ
mklγ5γkl [∂mψij − ∂iψmj − ∂jψmi] . (A.14)
Substituting the expression of ψij in terms of the fermionic prepotential Σij ,
one then finds
δKij = − 4iǫ¯γ
0
[
δijγk∂
k (∆Σ − ∂m∂nΣmn) − 2 γk∂
k∆ij
+ 2 γm∂i∂
m∂nΣnj + 2 γm∂j∂
m∂nΣni
+ γkim∂
k∆Σmj + γkjm∂
k∆Σmi
+ γkjm∂
m∂n∂iΣ
nk + γkim∂
m∂n∂jΣ
nk
]
. (A.15)
As a corrolary, we get :
δK = − 4iǫ¯γ0
[
γk∂
k∆Σ + γm∂
i∂m∂nΣni
]
. (A.16)
and thus
δπij = − δKij + δijδK
= 4iǫ¯γ0
[
− 2 δijγk∂
k∂m∂nΣmn − 2 γk∂
k∆Σij + 2 γm∂i∂
m∂nΣnj
+ 2 γm∂j∂
m∂nΣni − ǫikmγ
0γ5∂
k∆Σmj − ǫjkmγ
0γ5∂
k∆Σmi
+ ǫikmγ
0γ5∂
k∂n∂jΣ
nm + ǫjkmγ
0γ5∂
k∂n∂iΣ
nm
]
(A.17)
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Now, knowing the supersymmetry transformation δΦij = −8iǫ¯χij of the
prepotential Φij and comparing with the spin-1-spin-3/2 system, it is nat-
ural to guess that the supersymmetry transformation of the other bosonic
prepotential Pij is simply
δPij = 8iǫ¯γ5χij (A.18)
To prove this claim, it suffices to compute δπij from its definition in terms
ogf Pij and (A.18), and verify that the resulting expression coincides with
(A.17). The computation is direct. One finds
δπij = − 8iǫ¯γ5 ǫiklǫjmn∂
k∂mχln
= − 4iǫ¯γ5
[
ǫiklǫjmnǫ
lrs∂k∂m∂rΣ
n
s + ǫiklǫjmnǫ
nrs∂k∂m∂rΣ
l
s
− ǫiklǫjmnǫprsγ
np∂k∂m∂rΣsl − ǫiklǫjmnǫprsγ
lp∂k∂m∂rΣsn
]
= − 4iǫ¯γ5
[
ǫjmn∂
k∂m∂iΣ
n
k + ǫikl∂
k∂m∂jΣ
l
m
− ǫjmn∂
m∆Σ ni − ǫikl∂
k∆Σ lj
− 2 δijǫprsγ
np∆∂rΣsn + 2 δijǫprsγ
np∂n∂m∂
rΣsm
− ǫprsγ
np∂n∂i∂
rΣsj − ǫ
prsγjp∂
n∂i∂rΣsn
− ǫprsγip∂j∂
m∂rΣsm − ǫprsγ
mp∂j∂m∂
rΣsi
+ ǫprsγip∆∂rΣsj + ǫ
prsγjp∆∂rΣsi
+ ǫprsγ
np∂j∂i∂
rΣsn + ǫprsγ
np∂j∂i∂
rΣsn] . (A.19)
Using the identity γnp = γ0γ5ǫ
npqγq, this expression becomes
δπij = − 4iǫ¯γ
0
[
− ǫjmnγ
0γ5∂
k∂m∂iΣ
n
k − ǫiklγ
0γ5∂
k∂m∂jΣ
l
m
+ ǫjmnγ
0γ5∂
m∆Σ ni + ǫiklγ
0γ5∂
k∆Σ lj
− 2 δijγr∂
r (∆Σ − ∂n∂mΣ
nm)
− 2 γr∂j∂
m∂rΣim − 2 γr∂
n∂i∂
rΣnj
+ 2 γr∆∂
rΣij + 2 γr∂j∂i∂
rΣ] . (A.20)
The term 2γr∂j∂i∂
rΣ− 2δijγr∂
r∆Σ is a gauge transformation of πij , and
can be removed, giving :
δπij = − 4iǫ¯γ
0
[
− ǫjmnγ
0γ5∂
k∂m∂iΣ
n
k − ǫiklγ
0γ5∂
k∂m∂jΣ
l
m
+ ǫjmnγ
0γ5∂
m∆Σ ni + ǫiklγ
0γ5∂
k∆Σ lj
+ 2 δijγr∂
r∂n∂mΣ
nm + 2 γr∆∂
rΣij
− 2 γr∂j∂
m∂rΣim − 2 γr∂
n∂i∂
rΣnj ] , (A.21)
which is exactly (A.17). This proves the correctness of (A.18).
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A.3 Supersymmetric variation of the fermionic prepo-
tential Σij
One can rewrite the supersymmetry transformation for ψµν as
δψij = (∂ihjρ + ∂jhiρ)γ
ρǫ− 2∂ρhijγ
ρǫ+ (ǫiλσρ∂
λh σj + ǫjλσρ∂
λh σi )γ
ργ5ǫ
= δπψij + δhψij (A.22)
where
δπψij = (∂ihj0 + ∂jhi0)γ
0ǫ− 2∂0hijγ
0ǫ
+(ǫi0km∂
0h kj + ǫj0km∂
0h ki − ǫi0km∂
kh 0j − ǫj0km∂
kh 0i )γ
mγ5ǫ
δhψij = (∂ihjk + ∂jhik)γ
kǫ− 2∂khijγ
kǫ+ (ǫikl0∂
kh lj + ǫjkl0∂
kh li )γ
0γ5ǫ
(A.23)
We compute δπψij and δhψij separately.
A.3.1 Term depending on the prepotential Z1mn = Pmn
Let us first focus on the term involving the extrinsic curvature. Adding
to it the gauge transformation δψij = (∂ihj0 + ∂jhi0)γ
0ǫ − (ǫi0km∂jh
k0 +
ǫj0km∂ih
k0)γmγ5ǫ yields:
δπψij = 2(∂ihj0 + ∂jhi0 − ∂0hij)γ
0ǫ
+(ǫi0km∂
0h kj − ǫi0km∂
kh 0j − ǫi0km∂jh
k0 + ǫj0km∂
0h ki − ǫj0km∂
kh 0i − ǫj0km∂ih
k0)γmγ5ǫ
= 4Kijγ
0ǫ− 2ǫ0ikmK
k
j γ
mγ5ǫ− 2ǫ0jkmK
k
i γ
mγ5ǫ
= 4(−πij +
π
2
δij)γ
0ǫ+ 2ǫ0ikmπ
k
j γ
mγ5ǫ+ 2ǫ0jkmπ
k
i γ
mγ5ǫ (A.24)
Using,
−4πij + 2πδij = −4ǫiabǫjcd∂
a∂cP bd + 2δijǫmabǫ
m
cd∂
a∂cP bd
= −4ǫiabǫjcd∂
a∂cP bd + ǫixyǫjxyǫmabǫ
m
cd∂
a∂cP bd
= −2ǫiabǫjcd∂
a∂cP bd − ǫjmbǫ
m
cd∂i∂
cP bd − ǫimbǫ
m
cd∂j∂
cP bd + ǫjmaǫ
m
cd∂
a∂cP di
+ǫimaǫ
m
cd∂
a∂cP dj (A.25)
one finds
δπψij = −
[
2ǫiabǫjcd∂
a∂cP bd − ǫjmaǫ
m
cd∂
a∂cP di − ǫimaǫ
m
cd∂
a∂cP dj
]
γ0ǫ
+2
[
ǫ0jnmǫiabǫ
n
cd∂
a∂cP bd + ǫ0inmǫjabǫ
n
cd∂
a∂cP bd
]
γmγ5ǫ
−ǫjmbǫ
m
cd∂i∂
cP bdγ0ǫ− ǫimbǫ
m
cd∂j∂
cP bdγ0ǫ (A.26)
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and by dropping again a gauge transformation for ψij the following super-
symmetry transformation rule may be derived for χij:
δχ bj = 2∂mP
b
j γ
mγ5ǫ− ǫjcd∂
cP bdγ0ǫ− ǫbcd∂cPjdγ
0ǫ (A.27)
A.3.2 Term depending on the Z2mn = φmn prepotential
Turn now to δhψij . Expressing it in terms of the prepotential φmn gives
δhψij = (∂ihjk + ∂jhik)γ
kǫ− 2∂khijγ
kǫ+ (ǫikl0∂
kh lj + ǫjkl0∂
kh li )γ
0γ5ǫ
= ∂i(∂
lǫjlmφ
m
k + ∂
lǫklmφ
m
j)γ
kǫ+ ∂j(∂
lǫilmφ
m
k + ∂
lǫklmφ
m
i)γ
kǫ
−2∂k(∂
lǫilmφ
m
j + ∂
lφmi)γ
kǫ+ ǫikl0∂
k(∂mǫjmnφ
nl + ∂mǫlmnφ
n
j)γ
0γ5ǫ
+ǫjkl0∂
k(∂mǫimnφ
nl + ∂mǫlmnφ
n
i)γ
0γ5ǫ (A.28)
which, up to a gauge transformation, contributes to the supersymmetry
transformation rule of χij as follows:
δχjm = −2∂kφjmγ
kǫ− (∂nǫjnpφ
p
m + ∂
nǫmnpφ
p
j)γ
0γ5ǫ (A.29)
Finally, by adding up (A.27) and (A.29) the complete supersymmetry trans-
formation rule for the fermionic prepotential χij is obtained:
δχij = −2∂k(φij +Pijγ5)γ
kǫ+ ǫicd∂
c(φdjγ5−P
d
j )γ
0ǫ+ ǫjcd∂
c(φdiγ5−P
d
i )γ
0ǫ
(A.30)
Using the identity ǫlxyγ
l
i = (δixγy−δiyγx)γ0γ5 in (A.4), one can see imme-
diatly that this implies the following transformation rule for the prepotential
Σij ,
δΣij = 2γ5γ0(φij − γ5Pij)ǫ (A.31)
B The spin-(1, 3
2
)) multiplet
B.1 Spin 1
The covariant action of the Maxwell field
S1[Aµ] = −
1
4
∫
d4x FµνF
µν (B.1)
can be recast in a manifestly duality-invariant form by going to the first-
order formalism and introducing a second vector potential A2i through the
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resolution of Gauss’ contraint [13]. One finds, in duality covariant notations
[16],
I =
1
2
∫
dx0d3x
(
ǫab ~B
a · ~˙Ab − δab ~B
a · ~Bb
)
. (B.2)
Here, ǫab is given by ǫab = −ǫba, ǫ12 = +1 and
~Ba = ~∇× ~Aa,
with A1i ≡ Ai.
The action (B.2) is invariant under rotations in the (1, 2) plane (“electric-
magnetic duality rotations”) ,
(
~A1
~A2
)
≡ ~A −→ eαǫ~A (B.3)
because ǫab and δab are invariant tensors. In infinitesimal form,
δdualA
1
k = α A
2
k, (B.4)
δdualA
2
k = − α A
1
k. (B.5)
The action (B.2) is also invariant under U(1)×U(1) gauge transformations,
Aak −→ A
a
k + ∂kΛ
a.
B.2 Spin 3/2
The covariant action of the spin 3/2 is given by the expression :
S3/2 = i
∫
d4x ψ¯µγ
µνρ∂νψρ (B.6)
which is invariant under the gauge transformation δψµ = ∂µǫ.
This first-order action is already in canonical form, with ψk being self-
conjugate canonical variables and ψ0 the Lagrange multiplier for the con-
straint
0 = γkl∂kψl. (B.7)
The general solution of the constraint (B.7) reads [23]:
ψk = −
1
2
ǫlmnγlγk∂mχn, (B.8)
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where χk is a vector-spinor, which is the prepotential for the spin-3/2 field.
The ambiguity in χk is given by [23],
δgaugeχk = ∂kη + γ
0γ5γkǫ, (B.9)
where η and ǫ are arbitrary spinor fields. As observed in [23], these are the
same gauge symmetries as those of a conformal spin-3/2 field.
B.3 Supersymmetry
The supersymmetry transformations for the (1, 3/2)-multiplet read
δSUSYAµ = i ǫ¯ψµ, (B.10)
δSUSYψµ =
1
4
Fµνγ
νǫ +
1
4
F˜µνγ5γ
νǫ. (B.11)
and are easily verified to leave the covariant action S1 + S3/2 invariant.
The supersymmetry transformations can be rewritten in terms of the pre-
potentials (Aak, χk). From the supersymmetry transformation of the photon
field (B.10), one immediately deduces that :
δSUSYA
1
k = i ǫ¯ψk, (B.12)
where ψk is now to be viewed as the function (B.8) of the prepotential χk.
Similarly, a direct computation shows that the supersymmetry transforma-
tion of the momentum Πk conjugate to Ak ≡ A
1
k ( minus the original electric
field) is
δSUSYΠ
k = −
i
2
ǫklmǫ¯γ5∂lψm +
i
2
ǫ¯γ0γklm∂lψm
= − i ǫklmǫ¯γ5∂lψm. (B.13)
Since Πk = ǫklm∂lA
2
m, one gets
δSUSYA
2
k = − i ǫ¯γ5ψk (B.14)
(up to a gauge transformation that can be set to zero). Finally, one easily
derives from (B.11)
δSUSYψk = −
1
4
Wkγ
0ǫ +
1
4
ǫklmW
mγ5γ
lǫ. (B.15)
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where we have defined Wk ≡ Πk − Bkγ5. It follows that, again up to a
gauge transformation of the prepotential that can be set to zero,
δSUSYχ
k =
1
2
(
A2k − A
1
kγ5
)
γ0ǫ
=
1
2
Mkγ
0ǫ (B.16)
with
Mk ≡ A
2
k − A
1
kγ5 . (B.17)
The transformations (B.12), (B.14) and (B.16) are the searched-for su-
persymmetry transformations in terms of the prepotentials.
We close by noting that the duality rotations (B.4) and (B.5) with δχ = 0,
and the chirality rotations
δchiralχk = λ γ5χk (B.18)
with δA1k = δA
2
k = 0, separately leave the action invariant. None of these
transformations commutes with supersymmetry. However, the combined
duality-chirality transformation (B.4), (B.5) and (B.18) with λ = −α com-
mutes with supersymmetry. This is because Mk transforms as
δdualMk = − α γ5Mk (B.19)
under duality. In the case of extended supersymmetry, duality acting only
on the vector fields will not commute either with supersymmetry, but again
it can be redefined to do so with one of the supersymmetries.
23
References
[1] C. Aragone and S. Deser, “Consistency Problems of Hypergravity,”
Phys. Lett. B 86, 161 (1979).
[2] F. A. Berends, J. W. van Holten, P. van Nieuwenhuizen and B. de Wit,
Phys. Lett. B 83, 188 (1979) [Erratum-ibid. 84B, 529 (1979)].
[3] F. A. Berends, J. W. van Holten, B. de Wit and P. van Nieuwenhuizen,
“On Spin 5/2 Gauge Fields,” J. Phys. A 13, 1643 (1980).
[4] C. Aragone and S. Deser, “Higher Spin Vierbein Gauge Fermions and
Hypergravities,” Nucl. Phys. B 170, 329 (1980).
[5] C. Aragone and S. Deser, “Hypersymmetry inD = 3 of Coupled Gravity
Massless Spin 5/2 System,” Class. Quant. Grav. 1, L9 (1984).
[6] E. S. Fradkin and M. A. Vasiliev, “Candidate to the Role of Higher Spin
Symmetry,” Annals Phys. 177, 63 (1987).
[7] E. S. Fradkin and M. A. Vasiliev, “Cubic Interaction in Extended The-
ories of Massless Higher Spin Fields,” Nucl. Phys. B 291, 141 (1987).
[8] E. S. Fradkin and M. A. Vasiliev, “On the Gravitational Interaction of
Massless Higher Spin Fields,” Phys. Lett. B 189, 89 (1987).
[9] M. A. Vasiliev, “Consistent equation for interacting gauge fields of all
spins in (3+1)-dimensions,” Phys. Lett. B 243, 378 (1990).
[10] M. A. Vasiliev, “Higher spin gauge theories: Star product and AdS
space,” In *Shifman, M.A. (ed.): The many faces of the superworld*
533-610 [hep-th/9910096].
[11] X. Bekaert, N. Boulanger and P. Sundell, “How higher-spin gravity sur-
passes the spin two barrier: no-go theorems versus yes-go examples,”
Rev. Mod. Phys. 84, 987 (2012) [arXiv:1007.0435 [hep-th]].
[12] V. E. Didenko and E. D. Skvortsov, “Elements of Vasiliev theory,”
arXiv:1401.2975 [hep-th].
[13] S. Deser, C. Teitelboim, “Duality Transformations of Abelian and Non-
abelian Gauge Fields,” Phys. Rev. D 13, 1592 (1976).
24
[14] M. Henneaux and C. Teitelboim, “Dynamics Of Chiral (selfdual) p-
Forms,” Phys. Lett. B 206, 650 (1988).
[15] J. H. Schwarz and A. Sen, “Duality symmetric actions,” Nucl. Phys. B
411, 35 (1994) [arXiv:hep-th/9304154].
[16] S. Deser, A. Gomberoff, M. Henneaux and C. Teitelboim, “Duality, self-
duality, sources and charge quantization in abelian N-form theories,”
Phys. Lett. B 400, 80 (1997) [arXiv:hep-th/9702184].
[17] C. Hillmann, “E(7)(7) invariant Lagrangian of d=4 N=8 supergravity,”
JHEP 1004, 010 (2010) [arXiv:0911.5225 [hep-th]].
[18] C. Bunster and M. Henneaux, “Sp(2n,R) electric-magnetic duality as
off-shell symmetry of interacting electromagnetic and scalar fields,” PoS
HRMS 2010, 028 (2010) [arXiv:1101.6064 [hep-th]].
[19] C. Bunster and M. Henneaux, “The Action for Twisted Self-Duality,”
Phys. Rev. D 83, 125015 (2011) [arXiv:1103.3621 [hep-th]].
[20] M. Henneaux and C. Teitelboim, “Duality in linearized gravity,” Phys.
Rev. D 71, 024018 (2005) [arXiv:gr-qc/0408101].
[21] C. Bunster, M. Henneaux and S. Ho¨rtner, “Gravitational Electric-
Magnetic Duality, Gauge Invariance and Twisted Self-Duality,” J. Phys.
A: Math. Theor. 46 214016 (2013) [ arXiv:1207.1840 [hep-th]].
[22] C. Bunster, M. Henneaux and S. Ho¨rtner, “Twisted Self-Duality for
Linearized Gravity in D dimensions,” Phys. Rev. D 88, 064032 (2013)
[arXiv:1306.1092 [hep-th]].
[23] C. Bunster and M. Henneaux, “Supersymmetric electric-magnetic du-
ality as a manifest symmetry of the action for super-Maxwell the-
ory and linearized supergravity,” Phys. Rev. D 86, 065018 (2012)
[arXiv:1207.1761 [hep-th]].
[24] S. Deser, J. H. Kay and K. S. Stelle, “Hamiltonian Formulation of Su-
pergravity,” Phys. Rev. D 16, 2448 (1977).
[25] W. Rarita and J. Schwinger, “On a theory of particles with half integral
spin,” Phys. Rev. 60, 61 (1941).
25
[26] J. Schwinger, “Particles, sources, and fields,” (Addison Wesley, Reading,
Mass., 1970).
[27] L. P. S. Singh and C. R. Hagen, “Lagrangian formulation for arbitrary
spin. 2. The fermion case,” Phys. Rev. D 9, 910 (1974).
[28] J. Fang and C. Fronsdal, “Massless Fields with Half Integral Spin,”
Phys. Rev. D 18, 3630 (1978).
[29] C. Aragone and S. Deser, “Hamiltonian Form for Massless Higher Spin
Fermions,” Phys. Rev. D 21, 352 (1980).
[30] A. Borde, “Hamiltonian Formalism For The Spin 5/2 Gauge Field,”
Phys. Rev. D 26, 407 (1982).
[31] E. S. Fradkin and A. A. Tseytlin, “Conformal Supergravity,” Phys.
Rept. 119, 233 (1985).
[32] C. Bunster and M. Henneaux, “Duality invariance implies Poincare´ in-
variance,” Phys. Rev. Lett. 110, 011603 (2013) [arXiv:1208.6302 [hep-
th]].
[33] J. Hietarinta, “Supersymmetry Generators of Arbitrary Spin,” Phys.
Rev. D 13, 838 (1976).
[34] S. Deser and D. Seminara, “Duality invariance of all free bosonic and
fermionic gauge fields,” Phys. Lett. B 607, 317 (2005) [hep-th/0411169].
[35] B. Julia, J. Levie and S. Ray, “Gravitational duality near de Sitter
space,” JHEP 0511, 025 (2005) [hep-th/0507262];
B. L. Julia, “Electric-magnetic duality beyond four dimensions and in
general relativity,” hep-th/0512320.
26
